ATLAS and CMS hints for a mirror Higgs boson 
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ATLAS and CMS have provided hints for the existence of a Higgs-like particle with mass of about 
144 GeV with production cross section into standard decay channels which is about 50% that of the 
standard model Higgs boson. We show that this 50% suppression is exactly what the mirror matter 
model predicts when the two scalar mass eigenstates, each required to be maximal admixtures of a 
standard and mirror-Higgs boson, are separated in mass by more than their decay widths but less 
than the experimental resolution. We discuss prospects for the future confirmation of this interesting 
hint for non-standard Higgs physics. 
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The ATLAS 1] and CMS experiments at the Large 
Hadron Collider (LHC) have achieved major milestones 
this year, already excluding a large range of parameter 
space for the standard model Higgs boson. These data, 
in combination with LEP and precision electroweak data 
restricted the Higgs boson mass to the range 115 — 146 
GeV. Within this allowed mass range, there is an inter- 
esting hint in the ATLAS and CMS data for a Higgs-like 
particle with a mass of about 144 GeV at about the 2a 
confidence level for each experiment. However as noted 
in Ref. [4J the size of the signal is roughly a factor of two 
less than that expected for the standard model Higgs bo- 
son: c/csMHiggs ~ 0.5 ± 0.2, which has lead the authors 
of Ref. [J to speculate that these experiments might 
be seeing a Higgs-like particle with a ~ 50% branching 
fraction into invisible decay modes. The discovery of a 
Higgs-like particle with invisible decay modes would be 
revolutionary, because it would be tantamount to the dis- 
covery of a hidden sector, quite probably related to dark 
matter, in addition to the origin of electroweak symmetry 
breaking. 

A number of different theoretical proposals for invisi- 
bly decaying Higgs bosons have been studied in the liter- 
ature; see, for example, One of the earliest such pro- 
posals was discussed in the context of the mirror matter 
model In fact, it was pointed out some time ago 

that each of the two physical Higgs particles in that 
model will decay invisibly 50% of the time provided that 
there is significant Higgs-mirror-Higgs mass mixing, and 
the production cross-section for each of them will be half 
that of a standard Higgs boson. Thus each state has an 
effective production cross-section to visible particles of 
25%. The recent ATLAS and CMS results motivate a re- 
analysis of the implications of Higgs-mirror-Higgs mass 
mixing. Indeed, we shall point out there is a region of 
parameter space that was missed in the earlier studies 
[6h1C|. but which provides a possible explanation of the 
new data. In this previously unidentified regime, the two 
Higgs particles add incoherently thus reproducing the de- 
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sired 50% figure for the production of standard particles. 

The mirror matter model [6\ postulates the existence 
of a hidden sector described by a Lagrangian exactly iso- 
morphic to the standard model Lagrangian, except with 
the role of left- and right-handed fermion fields inter- 
changed in the hidden sector. The Lagrangian is thus, 

C = £ SM (e,v,u,d, ...) + £ S A/(e'X,u',d', ...) + £ mix .(l) 

The gauge symmetry of the theory is Gsm ® Gs m where 
G S m = SU(3) C ®SU(2) L ®U(1) Y . In addition, exact im- 
proper space-time symmetries can be defined which pro- 
vides an interesting theoretical motivation for the theory. 
In fact, the Lagrangian (fT|) contains an unbroken parity 
symmetry which maps each ordinary particle to its mir- 
ror partner. The mirror particles, denoted by primes 
in Eq. (jTJ , also provide stable mirror atoms and ions 
which are viable candidates for non-baryonic dark mat- 
ter [ll|, [l2| , in a way consistent with the positive results 
from the DAMA [lj| and CoGeNT Q direct detection 
experiments [l5l |. The Lagrangian £ m j x describes renor- 
malisable mixing terms which are consistent with the 
symmetries of the theory, 



£mix — -^F^F'^ + A 2 



'U' 



(2) 



where F" v (F'^) is the U(l) Y [U(1)' Y ] field strength 
tensor and cj> (</>') is the ordinary (mirror) Higgs dou- 
blet. The A2</>^ <t>4ft <t>' term provides the Higgs-mirror- 
Higgs mass mixing that can lead to non-standard Higgs 
boson signatures at the LHC. 
The complete Higgs potential is 

Vfatf) = -M 2 (^ + ^V)+Ai[(^) 2 + (0'V) 2 ] 
+ A 2 0WV. (3) 



If Ai > and | A2 1 < 2Ai, then the parity conserving mini- 
mum (cf>) - 



2p? 



ft) = (°> vf) occurs, with V = y 2AI+A^ 
246 GeV. There are two mass eigenstate Higgs fields, Hi 
and H2, which are maximal combinations of the weak 
eigenstates: 
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where <j>o and 4>b are the real parts of the neutral compo- 
nents of <p an d 4>' , respectively. The maximal admixture 
is simply due to the fact that the mirror-parity eigen- 
states must also be mass eigenstates, with iii(iJ 2 ) hav- 
ing positive (negative) parity. The Lagrangian, Eq. ((2J, 
when rewritten in terms of these mass eigenstates, re- 
veals that each of them couples to the standard particles 
with coupling constants that are 1 / V2 times those of the 
corresponding standard model Higgs boson. This means 
that the production cross-section for each mass eigenstate 
is 50% that for the standard Higgs boson. 

The states H\ and i? 2 similarly couple to mirror parti- 
cles, implying that they decay invisibly 50% of the time 
provided that their mass difference is large enough. The 
masses of -Hi ,2 are given by 



= 2r- ( Ai + ^ 



H; 



= 2v 2 



The important mass difference parameter, \rriH 1 — mH 2 \, 
is given by 



\m Hl - m H2 



V2v 
\X2\v 



for |A 2 | < Ai 



(6) 



This last regime, where the mass difference is not too 
large, will be of relevance for potentially explaining the 
ATLAS and CMS results. Since the limit A 2 -> cor- 
responds to the decoupling of the ordinary and mirror 
sectors, this limit is technically natural and we therefore 
do not consider small values of A 2 to be 'fine-tuned'. 

The experimental implications depend on the value 
of \m,H 1 — ttih 2 \. There are three regimes of interest. 
First, one can have |mjjj — mn 2 \ greater than the ex- 
perimental Higgs mass resolution; in this case each mass 
eigenstate can be resolved. The cross-sections to visible 
channels depend on whether or not the mass difference 
is large enough to kinematically allow H\ —> H2H2 (see 
Ref. for a study of this possibility). For the situ- 
ation where the mass difference is not sufficiently large 
to allow this, the cross-sections to visible channels for 
Hi and H2 are each 25% that of the standard model 
Higgs boson. In the most sensitive channel for a 140 
GeV Higgs boson, H — > WW* -> 2£2i/, the experimen- 
tal Higgs boson mass resolution is very large, of order 
30 GeV, because of the undetected neutrinos. For the 
golden channel, H ZZ* —> A£, also important for a 
~ 140 GeV Higgs, the experimental resolution is much 
less, of order 5 GeV. 

This large experimental resolution width leads to the 
existence of the second regime. This possibility, which 
was missed in the earlier studies [g-[l0|], is that \itih 1 — 
rriH 2 1 is less than the experimental resolution, but larger 
than the decay widths, For ran ~ 140 GeV, 

r# sa 8 MeV [ltS} . In this case the two states cannot be 
resolved, and the combined signal to visible channels is 



expected to be about 50% that of the standard model 
Higgs . This parameter range can thus nicely explain 
the factor of two reduction for the cross section of the 
tentative ~ 140 GeV Higgs signal. Obviously, further 
data will be needed to confirm such a signal. 

The third possibility occurs when \mn 1 — mn 2 | ^5 ^H- 
In this case the weak eigenstate, (f>o, is produced and 
begins to maximally oscillate into the mirror state (j)' . 
The oscillation probability is 



P(fo -> #>) = sin 2 



t 



2t n 



(7) 



where t osc = 1/\itih 1 — run? | in the non-relativistic limit. 2 
The invisible branching fraction of the Higgs boson in this 
case corresponds to the average oscillation probability to 
the mirror state, which is 



TOo ->#,)) = T H I e-^'sin 2 



t 



2fn 



■dt 



\ ' H L osc 



(8) 



Evidently the branching fraction to invisible channels is 
always less than 50% in this last regime. Note that the 
cross-section into visible channels is reduced by the factor 
/, where 



/ = 1 - TOo -> #,)> 

1 1 (_T~t 

2 2 V 1 



H osc 



(9) 



Observe that in the limit where \mn 1 — mH 2 \ (or 
equivalently A 2 — > 0), / — > 1, and the signal becomes 
indistinguishable from that of the standard Higgs boson 
case. 

If the LHC is indeed seeing a Higgs-like particle with 
mass ~ 140 GeV and the cross-section is half of the 
Standard Model Higgs cross section, then roughly 5 — 10 
fb _1 of data would be needed to confirm this at ~ 5cr 
level. The invisible decay channels of H12 can also in 
principle be detected at the LHC via processes such as 
pp — > Z* — > ZH\ 2 leading to Z plus missing energy 
signature. However, the low cross section of this pro- 
cess and significant backgrounds mean that it might take 
some time to observe this signature (see, for example, 
the discussions in Ref. [5]). In fact, the study [l7| sug- 
gests that around 30 fb _1 of integrated luminosity will be 
needed to detect such a Higgs boson via missing energy 
signatures. 



1 Strictly, a 50% signal reduction is only expected provided that 
\rriH-i — mH 2 I is sufficiently small so that the cross-section of the 
process involving Hi is approximately the same as that involving 

H2- For \rriH 1 —ttihi j ~ 5 GeV this should certainly be the case. 
For larger values of \mu l —rrijj 2 \ significant deviations from 50% 
are possible, depending on the process. 

2 We use units where h = c = 1. 
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The compatibility of significant Higgs-mirror-Higgs 
mixing with early universe cosmology was studied in 
Ref. [8J , where it was shown that all cosmological bounds 
could be evaded within inflationary scenarios if the re- 
heating temperature was sufficiently low. For a Higgs 
mass around 140 GeV the maximum allowed reheat- 
ing temperature after inflation, T max , was estimated to 
be around T max ~ 1 — 100 GeV, depending on A 2 . If 
such a low reheating temperature were to be established, 
it would rule out all high-temperature mechanisms for 
baryogenesis. 

Indications of a mirror sector from LHC Higgs physics 
will obviously further strengthen the case that dark mat- 
ter in the Universe is composed of mirror particles. Mir- 
ror matter can play the role of dark matter in the Uni- 
verse provided a number of conditions are met. These 
include: a) The successful Big Bang nucleosynthesis and 
large scale structure formation suggests that T 1 « T 
and rib' ~ 5nb, where [nb] is the number density of 
mirror [ordinary] baryons and T' [T] is the temperature 
of the mirror [ordinary] particles in the early Universe. 
Such initial conditions cam be generated in models of 
the early Universe [111 ], b) Observations of the Bullet 
cluster |18| suggest that mirror dark matter needs to be 
predominantly confined into galaxies, within clusters, to 
be consistent with observations. This is because mirror 
dark matter is self-interacting, c) Mapping of the dark 
matter density outside galactic halos in clusters of galax- 
ies using gravitational lensing suggest that dark matter 
is distributed smoothly on scales greater than of order 
10 kpc This suggests numerous (probably small) 

dark galaxies within clusters, d) Mirror dark matter is 
dissipative, which suggests the existence of a substan- 
tial galactic heat source to replace the energy lost due 
to radiative cooling. The most plausible candidate is the 



energy from ordinary core collapse supernovae which can 
transfer the required energy into the mirror sector if ki- 
netic mixing interaction exists with e ~ 10 -9 [20j. This 
heat source is anisotropic in spiral galaxies (given that 
the supernova originate predominately within the galac- 
tic disk and bulge) which might explain the deviations 
from perfect spherical halos which are necessary to agree 
with observations. 

To summarise, we have re-examined the implications 
of Higgs-mirror-Higgs mass mixing for the experiments at 
the LHC. There are three interesting parameter regimes, 
which depend on the mass difference \mn 1 — mH 2 \- Cur- 
rent ATLAS and CMS data provide a tantalising hint for 
a Higgs-like particle with mass ~ 144 GeV and produc- 
tion cross section to visible channels around 50% that of 
the standard model Higgs boson. We have shown here 
that this hint, if confirmed, could be simply explained 
within the mirror matter model if \rriH 1 — rnH 2 \ is less 
than the experimental resolution (~ 5 — 30 GeV, de- 
pending on the process) but greater than the Higgs width 
(~ 8 MeV for mjj ~ 140 GeV). A 5ct discovery is possi- 
ble with 5—10 fb _1 of data. Confirmation of the result 
would have startling implications for physics beyond the 
standard model, through the discovery of a hidden sector 
isomorphic to the standard model and a strong constraint 
on the thermal history of the universe. 
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